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Manufacturing of Lead-free X-ray and Gamma Ray Shielding Sponge Rubber Sheet

from Bi,O, - Natural Rubber Composites
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ABSTRACT

This work aimed to develop a radiation shielding materials based on natural rubber (NR) composites that
have good mechanical, physical, and X-ray/gamma ray shielding properties. This work used natural rubber (STR 5L)
mixed with a blowing agent, either Azodicarbonamide (ADC) or Oxybis (benzene sulfonyl) hydrazide (OBSH) at the
contents of 0, 8, 16 phr with the addition of bismuth oxide (Bi203) at contents of 0, 100, 300, 500 phr, respectively.
The results indicated that the addition of blowing agents led to the reductions in X-ray/gamma shielding, overall
mechanical, and density properties, while the addition of Bi,O, resulted in the increases of X-ray/gamma shielding,
density, and hardness properties. When comparing effects of different blowing agent’s types, the results showed that
the addition of ADC resulted in better overall properties than OBSH. In conclusion, the overall results indicated that

the developed materials have great potential to be used as a personal radiation shielding device for personnel.
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Ingredient Content (phr*) Functions
Natural rubber (STR 5L) 100 (Part) Main matrix
ZnO 5.0 Activator
Stearic acid 3.0 Activator
Mercaptobenzothiazole; MBT 1.0 Accelerator
N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylene diamine, 6PPD 1.0 Anti-oxidant
Silica 40.0 Reinforcement
Polyethylene glycol; PEG 2.0 Activator
Paraffinic oil 10.0 Processing aid
Sulphur 2.0 Crosslinker
Bismuth oxide; Bi,0, 0, 100, 300, 500 X-ray & gamma

protective filler
Oxybis (benzene sulfonyl) hydrazide; OBSH and 0,8, and 16 Blowing agent

Azodicarbonamide; ADC

* phr: parts per hundred parts of rubber by weight
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M5190 2 ﬁiJ“U@]l“lf\?ﬂﬁ"UE]\i?lﬁﬂL“Nﬂﬁ%ﬂE)“]JfJN‘ﬁi5N%1ﬁﬂﬂﬁﬂﬂﬁuﬂ@ﬂﬂqcﬂﬂﬂﬂﬁh1m 0, 100, 300 ttag 500 phr

wazwanasmlinalesyiia ADC az OBSH M11/31191 0, 8 1@ 16 phr

Properties
Bi,0,
Composition 100% Modulus Tensile strength Elongation at break Hardness
content (phr)
(MPa) (MPa) (%) (Shore A)

0 1.3(£0.1) 10.5(£1.2) 489 (£ 19) 46 (£ 1)
100 2.9(x0.1) 15.6 (£0.9) 396 (+ 14) 60(=1)

NR compound
300 3.6(£0.2) 104 (£1.1) 296 (+30) 69 (1)
500 33(+0.2) 7.6 (£0.8) 250 (£ 17) 71 (1)
0 1.7 (£0.0) 9.3(+0.4) 333(x9) 32(x1)
NR composite 100 1.7 (£0.0) 7.4(£0.5) 292 (+10) 32(£2)
adding ADC 8 phr 300 1.4 (£0.0) 5.4(£0.5) 280 (£ 12) 34 (£2)
500 1.2(x0.1) 4.4(£0.2) 286 (£ 11) 40 (£3)
0 1.4(*0.1) 5.3(=0.6) 265 (£ 8) 21 (£3)
NR composite 100 1.2(0.1) 2.8(£0.4) 204 (+ 16) 21 (£2)
adding ADC 16 phr 300 1.0 (£0.1) 3.9(+0.4) 282 (£ 10) 25(x1)
500 1.0 (£0.1) 2.5(£0.2) 231 (£8) 30 (£2)
0 1.2(*0.1) 4.6(+£0.3) 289 (£ 12) 22 (1)
NR composite 100 1.7 (£0.0) 83(£1.1) 324 (£21) 34(+1)
adding OBSH 8 phr 300 1.7 (+0.2) 5.0 (£0.6) 249 (£ 16) 35(=1)
500 0.9(x0.1) 3.4 (x£0.3) 385 (£28) 39 (£2)
0 1.0(#0.1) 3.9(£0.3) 306 (+ 14) 19 (£2)
NR composite 100 1.4 (£0.0) 4.8(£0.7) 255 (£ 16) 27 (+2)
adding OBSH 16 phr 300 1.2(x0.1) 33(x0.2) 227 (£ 10) 31 (£3)
500 1.5(*0.1) 23(£0.3) 168 (£11) 48 (£3)

Blowing agent type: ADC: Azodicarbonamide, OBSH: Oxybis (benzene sulfonyl) hydrazide
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